[1l. Empirical Estimation Results

Results of the estimated nonlinear |east squares nobde
are presented in Table 5. In the table, the discount rates, r,
and r,, are constrained to be equal. In regressions in which r
and r, were not constrained to be equal, neither variable was
statistically significant. In addition, an F-test indicated
that the hypothesis that the two rates are the sanme could not
be rejected at conventional significance |evels.

The 1,775 observations in Table 5 represent all 1981
t hrough 1987 vintage passenger cars owned by RTECS respondents
in July of 1988 for which conplete data were avail abl e. Mode
year 1988 new cars are considered separately from the ol der
vehicles in the household stock because an F-test indicated
that the two sanples could not be pool ed.

In the regression presented in colum one which includes
all attributes, the variables for safety--both life cycle
nortality and injury rating, operating cost variables, power,
reliability, and durability are all significant at the 0.05 or
hi gher level for a one-tailed student's t-test. Al variables,
except cargo capacity, have the expected sign. The
unanti ci pated sign was hypothesized to be the result of an
interaction with the size categories, but this explanation

proved incorrect as shown in conparative regressions.
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Tabl e 5:

Nonl i near

Least Squares Results

(Asynptotic standard errors in parentheses)

[ VARIABLE

(1) (2) (3)
[ CONSTANT 2.673 2. 691 1.790 |

(2.923) (2.334) (2.036)

QUANTI TY- ADJUSTED LI FE YEARS -1.975 -1.404 -2.511
(1.034) (0.697) (1.434)

DI SCQUNTED LIFE CYCLE | NJURY -0.016 -0.016
RATI NG (0.007) (0.007)
DI SCOUNTED LIFE CYCLE 0.018 0.028 0.172
OPERATI NG COSTS (0.009) (0.015) (0.010)

DI SCOUNTED LIFE CYCLE -0. 889 -0.939 -0.932
OPERATI NG CCSTS VEH CLE (0.094) (0.073) (0.104)

WEI GHT

POVWER 0.295 0. 339 0.343
(0.121) (0.117) (0.132)

CARGO CAPACITY -0. 054 -0.039 -0. 057
(0.010) (0.009) (0.011)

RESALE VALUE RETAI NED 0.073 0. 086 0.070
(0.020) (0.023) (0.021)

MAI NTENANCE RATI NG 0.031 0. 030 0.031
(0.012) (0.013) (0.013)

LUXURY- SPORT 0. 204 0.202 0.215
(0.012) (0.013) (0.012)

AUTO. TRANSMISSION 0.025 0.029 0.023
(0.010) (0.011) (0.010)

TWO SEAT -0. 207 -0. 067 -0.212
(0.065) (0.061) (0.070)

STATION  WAGON 0.128 0. 085 0.152
(0.035) (0.034) (0.036)

CONVERTI BLE 0. 309 0.336 0. 354
(0.056) (0.058) (0.055)

DI ESEL -0.003 -0.003 -0. 006
(0.034) (0.035) (0.034)

Sl ZE2 -0. 007 0.010 -0.003
(0.013) (0.013) (0.013)

S| ZE3 0.035 0. 064 0. 037
(0.020) (0.021) (0.020)

S| ZE4 0.033 0.083 0. 035
(0.031) (0.032) (0.031)

(Results continued on next page.)
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Table 5: Nonlinear Least Squares Results (continued)

e
VARIABLE (1) (2) (3) u

"AMERICAN MOTORS -0.122 0 .Ub4 -0.157
(0. 084) (0.087) (' 0.084)
GENERAL MOTORS 0. 006 0. 019 0. 005
(0. 010) (0.010) (0.010)
CHRYSLER 0. 037 0. 046 0. 040
(0.013) (0.014) (0.013)
GERMANY 0.283 0.379 0. 301
(0. 028) (0.028) (0.028)
JAPAN 0.188 0.230 0.191
(0.014) (0.014) (0.014)
OTHER ORI G N 0.134 0.177 0. 150
(0.028) (0.028) (0.027)
YEARS2 0.228 0.208 0.225
(0.016) (0.016) (0.016)
YEARS3 0.379 0.338 0.376
(0. 020) (0.020) (0.020)
YEARS4 0.548 0. 481 . 0.545
(0. 026) (0. 024) (0.025)
YEARS5 0. 686 0. 608 0. 683
(0. 033) (0. 030) (0.031)
YEARS6 0.830 0.743 0. 827
(0. 039) (0.035) (0. 037)
YEARS7 0. 951 0. 844 0.948
(0. 045) (0. 040) (0.043)
YOUNG DRI VER -0.048 -0.051
(0.014) (0.014)
OLDER DRI VER -0.042 -0.021
(0.014) (0.011)
LATE N GHT 0. 006 0. 005
(0.011) (0.010)
ONE CAR ACCI DENT 0. 005 0. 004
(0.013) (0.012)
SEAT BELT 0. 029 0. 046
(0.012) (0.012)
ALCOHOL | NVOLVEMENT 0.016 0. 009
(0. 009) (0. 008)
MALE DRI VER -0.014 -0. 004
(0.015) (0.014)
DI SCOUNT RATE 0. 157 0.110 0.180
(0. 049) (0.029) (0. 054)
LAVBDA 0. 49 0.44 0. 50
(0.066) (0. 069) (0.073)
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Coefficients on dummy variables for nmanufacturer and
nation of origin are conpared against the excluded
manuf act urer, Ford. Cars made by Chrysler and cars nade by
German, Japanese, and other foreign manufacturers are val ued
nore highly than those from Ford. The regression coefficients
for American Mditors and Ceneral Mtors were not significant.

Dumry variables for vintage 1982 through 1987 were
included with vintage 1981 excl uded. The coefficients on these
vari abl es incorporate the depreciation of the vehicle and any
unnmeasured quality inprovenents. The val ues are al
significant at the 0.01 level, and the relative magnitudes of
the variables vary inversely with vehicle age indicating
continuing depreciation. In some regressions, year dunm es
were interacted with vehicle resale value as well as entered
i ndependently. Al of the interaction ternms, except that for
1987, were statistically significant, but the independent
di screte vintage variables were no longer significant. In
those regressions, the coefficients of the interaction terns
incorporated the influence of durability on price as well as
depreci ation and unnmeasured quality inprovenents.

The equilibrium real discount rate is estimated at 15.7
per cent. Estimating a 95 percent confidence interval about
this nean rate runs from5.9 percent to 25.5 percent. Even at
the | ower bound of the confidence limt, a discount rate of

zero is excluded as is the prevailing real rate of return,
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typically estimated in the 2 to 5 percent range." These
results provide strong evidence that consuner discount rates
embodied in autonobile hol dings are higher than the social rate
of discount.

Adding the 1988 inflation prem um of 4.1 percent® to the
nmean estimated real discount rate inplies a nom nal discount
rate of approximately 20 percent. This estimate is in line
with the rates found in other studies, and somewhat higher than
1988 prevailing market interest rates, including the rates for
aut onobi | e fi nanci ng.

As expected, a higher nortality rating and a higher
rating for injury (i.e. a personal injury claimis nore |ikely
to be filed in an accident) lower the price of the vehicle.

When the injury nmeasure is excluded from the nodel (Table 5,
colum 2), the effect of higher nortality on price is greater
than when injury is included; though, the significance of the
nortality rate coefficient is reduced in the regressions in
Table 5. In the absence of a separate neasure for nonfata
injuries, the nortality measure may pick up sone of the effect
of nonfatal injuries. This result was first shown by Viscusi

(1978) in an hedoni c wage nodel .

"lower bound measured as 90-day Treasury Bill rate minus annual change in
GNP implicit price deflator (both for 1988). Upper bound measured as AAA bond
rate minus price deflator (CEA 1993).

Bprom the Statistical Abstract of the United States (U.S. DOC 1992).

YThough the coefficient on mortality in regression two is less than the
coefficient in regression one, the change i1n lambda accounts for the greater
total effect.
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Several of the driver behavior variables are
statistically significant. The proportion of younger drivers,
the proportion of older drivers, and the proportion wearing
seat belts are all significant at the 0.05 level using a two-
tailed student's t-test. \Wen the nonfatal injury neasure is
i ncluded, the alcohol involvenent variable is significant at
the 0.10 |evel. Somewhat surprisingly, nale drivers was not
statistically significant. Along with driver age, and al coho
use, this is often considered the nost inportant factor in
accident rates, but the lack of statistical significance may
indicate that they have a |ower association with particular
vehicl e nodel s than generally assuned. Interpretation of the
signs of these variables is difficult because the influences of
sone behavioral factors may be opposed. For exanple, people
who wear their seat belt may be nore safety conscious, |eading
themto own safer cars. On the other hand, owning a safe car
may |lead to nore reckless driving as hypothesized by Peltzman
(1975).

The influence of the behavioral variables is opposite in
direction to that found by Atkinson and Halvorsen. Their
formul ati on included young drivers, male drivers, alcoho
i nvol venent and seat belt usage. None of the behavioral
characteristics proved to be significant, but on net, including
the four controls dimnished the effect of nortality on price

by 26 percent.
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The dollar value of consumers' nmarginal willingness-to-
pay for changes in the annual cost of driving can be cal cul ated
from the transformation coefficients of the annual operating
cost variables'. For each observation, the change in vehicle
price given a unit change in annual operating costs is

cal cul ated as foll ows,

dvehicle price
dannual cost

= [p, * annual cost*"?

A- .
+p2*annual costr-t 1 * price,

weight weight

where @, and B, are the estimated Box-Cox transfornmation
coefficients of annual operating costs, and the ratio of annua
operating cost to vehicle weight, respectively, and as before,
A is the estimated Box-Cox transformation coefficient for the
i ndependent vari abl es. The right hand side is post-nmultiplied
by vehicle price because the nodel was estinmated using the |og
of vehicle price as the dependent variable. The nean val ue of
the expression is calculated by evaluating the expression for
each observation and then calculating the nean weighted by the
RTECS popul ation sanpling weights.

This value, the change in price for a change in annua
cost, represents the present value as reflected in the market
val ue of the vehicle, of a one dollar change in fuel costs over
the life cycle of the vehicle, the present value of unit

operating costs (PVOC) ., Because PVOC is a present value, it is
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conposed of three entangled unknowns, the discount rate,
expected vehicle life, and the extent of capitalization as in

t he expression,
PVOC =y [1 +ef + e +,, .+ e,

where v is the capitalization rate, T is the expected vehicle
life, and r is the discount rate. The discount rate is the
rate at which consuners trade between current and future
savings in fuel expenditures. The expected vehicle life will
vary depending on the age and nodel of each vehicle.

The capitalization rate refers to the rate at which the
mar ket pl ace incorporates life cycle fuel costs into market
prices of vehicles. If there is perfect capitalization, i.e. a
one-to-one correspondence between changes in the discounted
value of life cycle operating costs and vehicle price, then the
capitalization rate is one. If however, there is no
relationship between life cycle fuel expenditures and vehicle
price, the capitalization rate would be zero.

Based on the regression estimates in Table 5 for the
sanpl e of pre-1988 vehicles in household hol dings, the
estimated nmean wllingness-to-pay for a one dollar change in
life cycle operating costs, is $ 0.309.

The mean willingness-to-pay values are surprisingly |ow
Possi bl e expl anations for such |ow val ues include inproper
nodel specification and the possibility that autonobile

consuners act irrationally, but the results are not necessarily
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i mpl ausi bl e given the specifics of the autonobile narket.
Because vehicle choices in the nmarketplace are constrained by
the inherent discreteness of the good in question, autonobiles,
sonme consuners nay meke choices that appear irrational in terns
of fuel econony tradeoffs, but are instead a result of the
consuners' selection criteria confronting the realities of the
mar ket pl ace. If a consumer ranks fuel econony |low on the |ist
of selection criteria, vehicle selection within the criteria-
constrai ned choice set may not reflect fuel econony tradeoffs.
This is denonstrated by a nunber of observations in the data
set for which the value of the wllingness-to-pay for operating
cost savings is negative.

Both the low capitalization rate and the high discount
rate could be the result of the application of the estimation
nodel . It is assumed in these estimates, that a vehicle lasts
thirteen years and then has no scrap val ue. This assunption is
based on the nedian tinme to scrap for all vehicles on the road.
The nmedian tinme that car buyers expect to keep their new cars
is only 5.5 years (MVMA 1992). After this period, well over 90
percent of vehicles are still on the road. Upwar dly bi ased
rates could occur if a consumer bases a vehicle ownership
decision on a short time frame, but the discount rate is
calculated for a longer tinme franme. The conputed discount rate
may appear higher than the rate underlying the ownership

deci si on.
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Two sources of mneasurenment error may have been introduced
by data on the expected lives of vehicles and vehicle owners.
The thirteen year expected vehicle life ignores variability
anong different makes and nodel s. However, other variables
i ke manufacturer and durability may act as controls for
variability across vehicles mnimzing any errors associated
wi th nmeasurenent of expected vehicle life.

Di scounted remaining life years are calculated based on
the characteristics of the household head as reported in the
Department of Energy RTECS survey data. If the househol d head
is not the purchaser/holder of a vehicle reported for the
househol d, then an error nmay be introduced.

Wil e nodelling considerations nmay have affected the
estimated discount rate, the simlarity between the rate
estimated here and those estimated in nunerous other studies
serves as a strong indication that the estinated rate may
reasonably underlie household autonobile holdings.

Based on the nonlinear |east squares estimates in Table
5, colum 1, the estinated nean value of a statistical life as
reflected in autonobile holdings in a life cycle context is
$2.48 mllion, with extrene values of $20.1 mllion and
$336, 000. The nmean value of a life year is approximtely
$101,000 with extrene values of s1.4 mllion and just over

$8,000.%

a1l values in 1988 dollars.



In colum two of Table 5, results are presented for the
nodel excluding the injury variable. The nean statistica
value of life in this case is over $2.8 nmillion--16 percent
hi gher-- indicating that excluding a separate measurenent for
nonfatal injuries causes the fatality valuation to reflect the
val ue of nonfatal injuries.

The third regression result in Table 5 denonstrates the
i mportance of including controls for the driver characteristics
in fatal accidents. The nortality risk neasure used in the
nodel does not represent a pure neasure of autonobile-specific
ri sk because driver characteristics are not excised fromthe
rates. Therefore, selected characteristics of drivers in fata
accidents are included in the nodel as control variables. As
defined in section Il, these controls nmeasure the proportion of
fatal accidents occurring in each nake/ nodel/year vehicle that
reflect the characteristic in question. The first colum in
Table 5 indicates that the proportion of drivers who are young,
those who are older, and those wearing seat belts were all
statistically significant at the 0.05 level, and al coho
i nvol vement was significant at the 0.10 |evel. Excl udi ng these
control variables as in the results presented in colum 3 |eads
to a nean value of a statistical life in the life cycle context
of $2.76 mllion, nore than 11 percent greater than when the

controls are included.
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Table 6 presents nean life and |life year values for
di fferent denographic characteristics of the RTECS sanple
popul ati on. These val ues denonstrate how w llingness-to-pay to
avoid risk varies across individuals. Because the hedonic
price locus is nonlinear, inplicit prices are locally
applicable for only those individuals sorted to that point on
the | ocus. The values in Table 6 were calculated by estimting
the inplicit value of a statistical life (and life year) for
each observation in the sanple. Those val ues were then
averaged over individuals based on their denographic
characteristics.

The first row in the table clearly shows the expected
incone nornmality result that the statistical value of life
varies positively with incone. I ndi vidual s in the highest
incone quartile in the sanple revealed a nean statistical life
value of $2.99 million conpared to $2.15 nmillion for the |owest
i ncome quartile. No clear pattern can be discerned for the
value of a statistical |life year across incone groups.

A distinctly different pattern emerges from anal ysis of
the valuations with respect to age categori es. The second row
of Table 6 shows nean valuations for different |ife expectancy

quartiles. The | owest quartile reflects the ol dest segnment of
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Tabl e 6: Esti mated Mean Valuations for a Statistical
Life and Life Year For Denpgraphic Categories ($1000 1988)"

e

INDIVIDUAL DEMOGRAPHIC CHARACTERISTICS

| VARIABLE - HIGHEST 2nd 3rd LOWEST
QUARTILE QUARTILE QUARTILE

| NCOVE

LI FE VALUE $ 2,986 $ 2,435 $ 2,382
LI FE YEAR 115 89 97 103
LI FE EXPECTANCY
‘ LI FE VALUE 2,251 2,450 2,520 2,702
LI FE YEAR 46 64 94 195
MVEAN LI FE
EXPECTANCY+ 50 years 38 years. 27 years 15 years

i INDIVIDUAL DEMOGRAPHIC CHARACTERISTICS

i.
‘ GENDER

MALE
LI FE VALUE $ 2,549
LI FE YEAR 114
FEMALE
LI FE VALUE 2,397
LI FE YEAR 84
RACE
WHI TE
LI FE VALUE 2,492
LI FE YEAR 101

BLACK
LI FE VALUE 2,374
LI FE YEAR 100

VEHICLE CHARACTERISTICS

HIGHEST 2nd
QUARTILE QUARTILE QUARTILE
MORTALI TY RI SK
LI FE VALUE $ 1,454 $ 1,946 $ 2,583
LI FE YEAR 48 78
VEH CLE SI ZE**
LI FE VALUE 1,671 1,971 2,588
LI FE YEAR 58 72

esults from colum 1, Jlable :.
+ Based on age, race, and gender.

** Means for vehicle size categories, smallest to |argest.



t he RTECS sample popul ation, those with the shortest life
expectancy. Their mean value of a statistical life equals
$2.70 mllion. The youngest quartile, those with the |ongest
life expectancy denonstrate a 17 percent |ower valuation equa
to $2.25 mllion. The difference is likely to be due to a
wealth effect as each age quartile is likely to be wealthier
than the next youngest quartile.” A wealth or income effect,
however, cannot account for the differences in the valuation of
a statistical life year across the age categories. From t he
first (youngest) to the fourth (oldest) quartiles, the value of
a life year rises by over four tines, from $46,000 to $195, 000.
Bet ween these two groups, the nmean |ife expectancy differs by
thirty-five years. The nunbers becone even nore differentiated
at the extrenes of the popul ation. For the youngest 10 percent
of the population, a statistical life year is valued at

$40,000, while for the oldest 10 percent a statistical life
year is valued at $236, 000.

These results indicate that while the value of a
statistical life changes across age categories, probably due to
i ncone differences between the groups, the value of a life year
changes substantially. For the ol dest segnent of the

marketpl ace, a life year is nore precious than that for the

lEach successive age quartile has a higher income than the previous
quartile except for the oldest quartile which has the lowest income of all
groups. This pattern is probably due to retirements in the eldest segment.
Nevertheless, the eldest segment is likely to be substantially wealthier t han
the younger segnents.
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younger popul ati on segnents. The actual valuations are
probably even nore extrenme than those depicted here, as these
values are average values. A neasure of a marginal life year
may be even nore diverse.

O her characteristics for which is was possible to make
denographic distinctions in statistical life values include
gender and race. Men revealed a statistically significant
(0.10 level) greater nean willingness-to-pay for a statistica
life than wonen of 6 percent, but the value of a statistica
life year for nmen was 37 percent greater than for wonen. Thi s
unusual result nmay be explained because the average life
expectancy of wonmen was greater than the average life
expectancy of men by over six years.

No statistically significant differences in the value of
a statistical life or life year were detected between bl acks
and whites who responded to the RTECS survey. Bl acks conpri sed
six and one-half percent of the observations used in the
regressions, somewhat |ower than the proportion of blacks in
t he general popul ation.

The characteristics of the auto held by an individua
also reflect differences in valuations. Naturally, valuations
are negatively related to safety, individuals choosing safer
cars, those with a lower nortality risk, wll denonstrate a
hi gher willingness-to-pay for the additional safety. The

difference in the value of a statistical |ife between the
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| owest and highest risk quartile is nore than two tines.

Vehi cl e size categories appear to be good proxies for the risk
quartiles as the nmeans of all the risk quartiles except for the
smal l est cars are not statistically different from the neans of

t he valuations of the size categories.
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| V. Policy Implications

Policies designed to curb consuners' demand for gasoline
can take two approaches. One is to create incentives to reduce
driving. The second is to change the m x of vehicles held by
consuners." The policies presented in section I address the
second source of potential savings, the vehicle mx (though
policies like the gas tax may al so affect driving denmand). The
results presented above indicate that policies which attenpt to
address autonobile fleet fuel econony inprovenents through
operating costs may be |ess successful than prograns which
address vehicle price because consuners overenphasize the up-
front price relative to life cycle operating costs.

One underlying explanation for the |ack of responsiveness
of vehicle price with respect to operating costs is that
consurers discount future costs at a high rate. If capita
market are efficient, a utility-maxim zing car owner wl|
di scount the future flow of operating expenditures at the
prevailing interest rate. Any other discounting pattern would
[ower utility. If the consunmer's rate is higher than the
prevailing interest rate, the consunmer could be nade better off
by borrowing at the going rate, investing in a higher priced,

nore fuel efficient vehicle, all else equal, and repaying the

Zconsumer car holdings and driving patterns are closely linked. For
instance, new cars are driven more in their first year than in subsequent
years. As the vehicle fleet becomes more fuel efficient, there is an
incentive to drive more because vehicle operating costs per mile are lower.
This "rebound effect" has been the focus of substantial study, but in a
comprehensive review, Greene (1992) concludes that the effect is small, and
occurs primarily in the short-run.
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loan fromthe flow of future operating costs savings. Wth a
| ower discount rate than the market rate, the opposite policy
woul d be utility-inproving.

An anal ogous deci sion process occurs in the market for
risk. Consurers nmay borrow in capital markets to alter the
risk profile of their autonobiles. If the consuner's discount
rate for risk exceeds the market interest rate, then a utility
maxi m zer should invest in additional safety. Knowi ng the
rates at which consuners' inplicitly discount their future
expenditure and risk flows is a key elenent for evaluating
public policies designed to alter consuner behavior

These results indicate that consunmers could in nany cases
be made better off by owning a nore expensive car with a | ower
nortality risk or a higher fuel econonmy where the future flow
of operating cost or safety savings could be used to finance
the higher initial cost. An alternative explanation for high
di scount rates is that consumers reasonably incorporate prem a
for illiquidity, risk, and uncertainty in their inplicit
di scounting behavior.? Even if such individually rationa
considerations underlie high discount rates, individua
behavi or remains at odds with the social optinmm

The observed discount rate and the |ow observed
capitalization rate have important inplications for the

effectiveness of different policy approaches. The gasoline

Bplternative individually rational =xplanations for high individual
discount rates are discussed in detail :n Creyfus (1993).
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tax, which creates an incentive to owmn nore fuel efficient
vehicles by raising operating costs, faces substantial
obstacles for altering the fuel econony mx of vehicle
hol di ngs.

The ineffectiveness of operating cost approaches is
exaggerated by the response pattern observed across the size
segnents of the autonobile narket. Hol ders of the smallest,
nost fuel efficient cars are the nost likely to respond to
changes in operating costs. But for any given increnenta
change. in fuel efficiency, these vehicles provide the |east
reduction in total gasoline consunption

Fuel econony standards and policies that address vehicle
price such as feebates and the gas guzzler tax nay be nore
effective than gasoline taxes for changing the fuel econonmy m X
over the |ong-run. These proposals are all limted in their
short-run effectiveness, however, because the effects of the
policies filter through the vehicle fleet only as the existing
fleet is replaced with new vehicles. Autonobile bounty
prograns could be used as a near-term supplenent to fue
econony standards or pricing policies to speed the repl acenent
rate of the nost fuel inefficient vehicles.

An estimate of the value of a statistical life is an
i mportant conponent of the evaluation of policies designed to
conserve fuel in autonobiles. The trade-off between safety and

fuel econony enbodied in each autonobile has |ong been



recogni zed. This issue has now becone one of the centra
focuses in consideration of extension of the Corporate Average
Fuel Econony (CAFE) requirenents. But in addition, the safety-
fuel econony issue should be considered in the evaluation of
any autonotive fuel economnmy conservation proposal

In one study of the CAFE requirenents as they have been
impl emrented to date, Crandall and G aham (1989) eval uated the
safety inplications of nodifications in the fuel econony
per formance of the new vehicle fleet. Based on a review of the
relationship between nortality rates and vehicle weight, they
projected that the nortality rate of the 1989 nodel year
vehicle fleet would be from 14 to 27 percent higher than in the
absence of the CAFE requirenents.

Such safety inplications are a crucial conponent for
eval uating fuel econony proposals in a benefit-cost franework.
In such a framework, the fuel savings of each policy and al
ot her associated benefits--like savings from reduced air
pol lution and national security savings--should be conpared
agai nst the costs. One of those costs is the safety
consequence, both fatal and nonfatal, of each policy.

Classifying the nunber of cases of fatal and nonfatal
injury is the first step to evaluating these costs. The second
step is placing an econom c value on each statistical case. In
this context, the nost appropriate neasure of a fatal or

nonfatal injury is the consuners' wllingness-to-pay to accept



(or avoid) an injury as expressed in the autonobile

mar ket pl ace.  Based on this research, the best estinate of the
nmean val ue of consuner willingness-to-pay for a fatal injury is
approximately $2.48 mllion. Usi ng denographi ¢ breakdowns,
willingness-to-pay can be nore accurately specified based upon
the characteristics of the individuals bearing the costs of the
pol i ci es.

The estimates in this research of the value of a
statistical life and of the consumer discount rate enbodied in
househol d autonobile holdings are critical pieces of
information for the broader evaluation of policies addressing
autonoti ve fuel consunption. Deci sions made in the public
arena which have broad inplications for the health and safety
of the general public as well as the nore directly observable
pocket book inplications should neet a test of positive net
social benefit. These estimates fill an essential niche in the

public information set necessary to conduct that benefit test.
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APPENDI X
Data Set Description and Data Sources

The Residential Transportation Energy Consunption Survey
(RTECS) was conducted by the Energy Information Adm nistration
of the U S. Departnent of Transportation in 1988. The sanpl e
contai ned 2,986 households randomy selected fromthe US. wth
over-sanpling of |ow income households and sanpling targeted to
i nclude 50 percent high mleage households and 50 percent | ow

m | eage househol ds. Each household had been interviewed in
1987 as part of an larger survey, the Residential Energy
Consunmption Survey (RECS). In the RECS, data on the househol d

vehicl e stock and household characteristics were collected.
Each household was contacted four additional times during 1988
and 1989 for RTECS. The begi nni ng-of -year contact was
conducted by tel ephone (with a nmail supplenment for househol ds
wi t hout tel ephone access), collecting information on the
updat ed vehicle stock, vehicle characteristics, fuel type and
grade, and odoneter readi ngs. The m d-year contact was
conducted by mail with a tel ephone follow up. M d-year contact
was designed to update the vehicle stock. The end- of -year
contact occurred in early 1989. End- of -year contact was again
conducted by tel ephone, and contained questions simlar to
those from the begi nning-of-year contact with enphasis on
updating the vehicle stock for acquisitions and dispositions
during the year. Prior to the first and final contact, each
househol d was sent an odoneter reading card to be used as a
reference during the subsequent tel ephone contact.

Vehicle Holdings: Vehicle holdings for the 2,986 househol ds
were collected for cal endar year 1988. Al cars bought and
sold were recorded during this period. In the enpirical
estimates vehicle hol dings have been updated to include only
those vehicles owned in July of 1988. On that date, 11.3
percent of all households owned no vehicles, while 30.8 percent
owned one car, 39.5 percent of households owned two cars, and
18.5 percent owned three or nore. The 6,452 vehicles owned by
respondents ranged in age froma 1939 ol dsnobile to new 1989
nodel year cars. Vehicles were identified as standard
passenger cars, two-seat cars, station wagons, |arge vans, mni
vans, pickup trucks, jeep-type vehicles, and other. Over 70
percent of the vehicles were cars and station wagons, 4.5
percent were vans, and 17.1 percent pickup trucks.

Engi ne Characteristics: Detailed information on the engine of
each vehicle was collected in RTECS, including the nunber of
engi ne cylinders, and neasures of engine displacenent. I n nost
cases, these variables were collected by decoding the vehicle
identification nunber (VIN), a fifteen digit code assigned by
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t he manufacturer and displayed on a netal plate, usually on the
i nside of a door panel. The VIN contains highly specific
informati on about the type of car and its characteristics, such
as specific engine type and em ssions controls installed. The
survey was able to collect a valid VIN for approximately 77
percent of the vehicles. For those for which a VIN was not
avai l abl e, engine characteristics (and other variables) were
coll ected by questionnaire. In sone cases, inputed data were
included in the data set. The reliability of each vehicle's
engi ne characteristics is especially inportant because other
suppl emental data collected by the author relied on the
reported engine characteristics.

Vehicle Make, Mbdel & Vintage: The nake, nodel and vintage
(i.e. nodel year) of each vehicle was reported in RTECS based
on VI N decodi ng. In those cases where VINs were unavail abl e,
qguestionnaire responses were used. Accurate reporting of
vehi cl e make, nodel and vintage is inportant for the collection
of suppl enmental data by the author

Adjusted MIleage Rating: The EPA conposite nmiles per gallon
(MPG rating was collected based on VIN nunbers or reported
make/ nodel, and was adjusted in a sequential procedure to
reflect actual on-road fuel econony of each vehicle. Based on
the VIN or survey information for each vehicle, the EPA test
MPG for city and highway use were assigned. These values were
adjusted by the city and highway shortfall factors accounting
for the difference between the EPA test MPG which is conducted
on a dynanoneter, and actual on-road MPG The shortfall -
adjusted on-road city and highway MPG estimates were then

wei ghted by 0.55 and 0.45, respectively, for the shortfall-

adj usted on-road conposite MPG estimate. In the final step
the ratings were adjusted using a regression nodel for in-use
MPG based on the individual circunstances of the vehicle and

owner . This adjustnment reflects such characteristics as urban
versus rural driving pattern, population density, weather
patterns, and road conditions. In addition, the in-use

adjustnents incorporate differences in city and highway driving
of the individual vehicle based on the odoneter readings for
that vehicle (e.g. high mleage vehicles are assuned to |og
nore highway miles than |ow nileage vehicles). These adj usted
in-use MPG values are used in the enpirical estinmates.

Fuel Price: The fuel price for each vehicle was assigned by
RTECS based on Bureau of Labor Statistics retail values for the
region, type of gasoline consumed, and type of service reported
for each vehicle. A nore differentiated value for fuel price
woul d be desirable, but the inability to identify househol ds
nore specifically than by their census division (to insure
respondent anonynity) prevents collecting nore detail ed data.
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Transmi ssion Type: The type of transnission, either manual or
automatic, was reported by RTECS based on reported VINs and
respondent questionnaires.

Vehicle Price: Vehicle prices were collected by the author
fromthree different sources depending upon the vintage of each
vehi cl e. Model year 1988 vehicle prices are based on

manuf acturers' suggested retail price as reported in standard
industry sources, either Mard's Autonotive Yearbook or

Aut onotive News Market Data Book. These prices were adjusted
to incorporate the engine size and transm ssion type reported

i n RTECS. Prices were also normalized by assum ng that every
vehicle was equipped with an air conditioner, power steering,
power brakes, and an am/fm radi o when those options were

avai l able from the manufacturer. \Wen a nunber of different
nodel s were offered by manufacturers (e.g. the Toyota Celica GT
or ST), but the RTECS report did not specifically identify the

model, the lower priced nodel was assumed. Simlarly, when

body style (such as sedan or |iftback) was unknown, the price
for a sedan was used. I'n nost cases, it was possible to
determ ne from the RTECS nake/ nodel reports whether a vehicle
was a two-door or four-door. In those cases were this

information was not avail able, the nunber of doors was
assi gned based on a random draw, and the price assigned

accordi ngly. Wiere applicable, the gas guzzler tax was
included in the vehicle price, but other taxes, registration
and |icenses were excluded. Prices for 1981 through 1987

vintage vehicles were collected from the 1988 end of year issue
of the Autonobile Red Book of official used car valuations.
Price adjustnents simlar to those for new cars were nade to
account for available options, two and four-door vehicles, and
| ow priced nodel s. Specific values were assigned depending on
the engine configuration of each vehicle and the transm ssion

t ype.

Resal e Value Retained: The percent of original resale value
retai ned was cal cul ated based on the original nodel year new
car sal es value and the used car market value as of end of year
1988. Both val ues were drawn from the _Autonphile Red Book of
used car values. No values were entered for 1988 nodel year

vehi cl es. In many cases, the Red Book information identifying
t he specific make/ nodel was nore detailed than the RTECS
information identifying the vehicle make/nodel. For exanple,

Red Book may list different values for several different engine
configurations where RTECS |isted cnly the nunber of cylinders

and liters. To mnimze msneasurenent of the retained resale
value, the value assigned each RTECS nake/ nodel was the average

of the retained resale values of all vehicles listed in the Red
Book for that nwmke/ nodel.
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Hor sepower : Vehi cl e horsepower was assigned by applying

i ndustry horsepower ratings found in standard trade
publications to the engine characteristics reported in RTECS

In sone cases, the industry sources did not cite horsepower for
the reported engine configuration. Hor sepower was assigned
based on a sanme nake/ nodel vehicle from a previous year or from
a sane year, simlar nake/ nodel vehicle with the engine
configuration in question.

Vehicle length, width, and weight: These values were drawn
fromindustry trade publications based on the RTECS reported
make/ nodel /vintage, the reported engine characteristics, and

t he nunber of doors in each vehicle. In sone cases, weight
estimates were not available for vehicles with optional engine
configurations. I ncrenental weight adjustnents were

i ncorporated based on simlar vehicles or the vehicle weight
was |eft unadjusted for that vehicle, usually resulting in an
underestinmate of true vehicle weight by less than five percent.

Interior shoulder room and vehicle cargo space: The val ues

were drawn from Consuner Reports Annual Car Buvers lssue,
published annually in April. Shoulder roomis the sum of front

and rear shoulder roomin inches for standard vehicles and
front shoul der room alone, for two seat vehicles. Cargo space
is neasured in cubic feet of volune. For station wagons, cargo
space data was

drawn from the Gas Mlease Quide published annually by the U S.
Departnent of Energy. In cases in which is was unclear from
RTECS whet her a vehicle was a sedan or a hatchback, the cargo
vol une for the sedan was incl uded.

Safety Rating: The vehicle safety rating is drawn from the
annual lnsurance Iniurv Report of the H ghway Loss Data
Institute. The specific value represents the relative
frequency of insurance clains for personal injury for that
vehicle normalized by the gross insurance exposure for the
vehi cl e. The ratings are scaled in relative ternms with 100
being the claim frequency for all vehicles conbined. A
relative claim frequency rating of 50 inplies 50 percent fewer
claims for that vehicle, while a relative claim frequency
rating of 150 inplies 50 percent nore clains than that for al
cars conbi ned. Rati ngs usually cover three nodel'years except
in cases where the nodel was redesigned during the three year
interval. The ratings were adjusted to reflect the ratio of
young drivers to older drivers. In nost cases, separate values
were reported for two-door and four-door nodels and station
wagons.

Vehicle Mrtality Risk: Vehicle nortality risk was conputed
based on data from the Eatal Accident Reporting Svstem
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mai ntained by the U S. Departnment of Transportation (DOT). The
DOT provided records for every fatality occurring in a
passenger' car or truck in 1989. The total nunmber of fatalities
occurring in each nake/ nodel/year vehicle type was cal cul ated
from these records. Separate values were calculated for
standard cars, two seat nodels, station wagons, and
convertibles. "The nortality rate was cal cul ated by dividing
the nunber of fatalities associated with each nake/ nodel /year
vehicle by the nunber of vehicles of that type expected to be
on the road in 1989. Vehicle sales data for each

make/ nodel / year vehicle were collected from standard industry
sources, primarily Wards Autonotive Yearbook. Sal es were

coll ected separately for standard cars, station wagons, two
seat vehicles, and convertibles. The sales of sone inport
vehicles could only be collected by cal endar year rather than
by vehicle nodel year, potentially leading to inaccurate sales
data if the sales for that make/ nodel/year differed
substantially fromthe sales in the prior year. A fina

adj ustment was nade to account for the proportion of cars from
each nodel year actually on the road in 1989. Data from M/MA
Facts and Fisures were used to determ ne the nunber of vehicles
from each nodel year retired between




